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ABSTRACT
The Douglas Conglomerate in the Churchill Mountains of 
Antarctica is a polymictic, unconformity-bounded 
stratigraphic unit whose age is poorly constrained between 
Late Cambrian and Devonian. Its clastic material was 
derived from nearby outcrops of Lower Cambrian Shackleton 
Limestone, from the craton of Greater Antarctica, and from 
terranes which lay outboard of the craton but subsequently 
were dispersed along transform faults.
Framework mode analyses suggest a recycled orogen 
provenance for the Douglas. Its depositional basin may 
have formed within a fold-and-thrust belt or along an 
active transform fault. Subsequent tectonism has 
dismembered the formation, but its overall compositional 
homogeneity suggests that in the northern Churchill 
Mountains the Douglas represents a single basin within 
which numerous depositional systems were simultaneously 
active. The basin had fault-controlled margins walled with 
Shackleton Limestone as suggested by significant variation 
in the percentage of detrital carbonate among the outcrops.
Although the Douglas crops out within the trend of 
granitic batholiths emplaced during the Cambro-Ordovician 
Ross Orogeny, it does not record the unroofing of these 
plutons. Therefore, it is probably older than the 
intrusives and was deposited in a foreland setting related 
to an earlier tectonic event.
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INTRODUCTION
The Douglas Conglomerate of the central Transantarctlc 
Mountains (Skinner, 1964; Laird, 1981) originated in 
response to tectonic uplift along the paleo-Pacific margin 
of Gondvanaland during early Paleozoic time. This margin 
had a complex and long-lived tectonic history, much of 
which has been obscured by more recent deformation 
including significant transcurrent faulting. The Douglas 
Conglomerate is an unconformity-bounded stratigraphic 
sequence, and is the only remaining record of deposition 
during a 150 Ma period. Moreover, some of its clasts are 
the only evidence of lithologies no longer exposed in the 
area.
Compositional data from the polymictic conglomerate 
and sandstone presented in this paper indicate that the 
Douglas Conglomerate was derived from a recycled orogen. 
Multiple sources contributed sediment to its depositional 
basin or basins that developed along either a foreland fold 
and thrust belt, or more likely a transform fault system. 
These basins formed and the Douglas was deposited prior to 
emplacement of granitic intrusives attributed to the 
Cambro-Ordovician Ross Orogeny. Even though plutons crop 
out nearby, the Douglas does not record the unroofing of 
these plutons.
In this paper, I present the results of stratigraphic, 
petrographic and statistical techniques used to determine 
the provenance of the Douglas Conglomerate in the northern
Churchill Mountains (fig. 1, 2) and to suggest potential 
source areas for its sediments. These results serve as the 
basis of a general model for its depositional basin and 
tectonic history.
STRATIGRAPHY AND DEPOSITIONAL SETTING OF 
THE DOUGLAS CONGLOMERATE
The Douglas Conglomerate is an areally extensive 
formation consisting of interbedded sandstone, siltstone 
and conglomerate units first described in the northern 
Churchill Mountains by Skinner (1964; fig. 1,3,4). The 
name was extended subsequently to include conglomerate in 
the southern Churchill Mountains (Laird, 1981). More 
recently, blocks of conglomerate identified as Douglas were 
found in moraines along the Beardmore Glacier some 500 km 
south of its type locality (Rees, Rowell and Braddock,
1986; fig. 3).
The percentages of polymictic conglomerate, sandstone 
and siltstone in the Douglas Conglomerate vary among and 
within outcrops, from almost entirely conglomerate to 
mostly siltstone; sandstone is rarely dominant (fig. 5). 
Discontinuous exposures extend over 3 km in the field area 
(fig. 2), but deformation is too severe to estimate the 
true thickness of the formation or determine the 
stratigraphic sequence within and among outcrops.
The Douglas Conglomerate is part of the Byrd Group,
Figure 1. Location of the field area in the northern 
Churchill Mountains, central Transantarctic Mountains, 
Antarctica. CC - Crackling Cwm; DH - Darley Hills; GR 
Geologists Range; MD - Mount Dick; MH - Mount Hamilton; 
MR - Miller Range; NP - Nicholson Peninsula.
4DOUGLAS CONGLOMERATE ^  D1 REVERSE FAULT
SHACKLETON LIMESTONE
Figure 2. Geologic Map of the field area in the northern 
Churchill Mountains. Numbers indicate sampled ridges. CC 
- Crackling Cwm; MH - Mount Hamilton.
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Figure 3. Index map of locations discussed in the text.
BG - Beardmore Glacier; BY - Byrd Glacier; CM - Churchill 
Mountains; CP - Cotton Plateau; CTM - central 
Transantarctic Mountains; EM - Elsworth Mountains; LG - 
Leverett Glacier; MB - Mount Bowers; NVL - northern 
Victoria Land; PM - Pensacola Mountains; QM - Queen Maud 
Mountains; SG - Shackleton Glacier; SH - Shackleton 
Glacier; SR - Shackleton Range; TN - Terra Nova Bay.
6Figure 4. Areal view of the southern part of the field 
area, looking towards the polar plateau. Ridge 2 in the 
foreground, Ridge 1 in the near middle ground. Crackling 
Cwm and Ridge 12 in the far middle ground.
*yts
1 < v- (r t
Spill
8Figure 5. Lithofacies of the Douglas Conglomerate. (A) 
Cobble conglomerate, Ridge 5. (B) Deformed siltstone.
Ridge 5. (C) Conglomerate vith sandstone interbeds. Ridge
1. (D) Siltstone with sandstone interbedds. Hammer is 33
cm long; hammer head is 19 cm long.
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along with the Shackleton Limestone and the Dick and 
Starshot formations (fig. 6). The oldest formation in the 
group is the Lover Cambrian Shackleton Limestone (Laird, 
1963; Debrenne and Kruse, 1986; Rowell et al., in press). 
This shallov-vater shelf sequence consists of lime mudstone 
and packstone and contains archaeocyathan-bearing 
boundstones. Although only fault contacts have been 
observed between the Shackleton and other units in the 
northern Churchill Mountains, in the southern part of the 
range the Douglas rests unconformably on highly deformed 
Shackleton Limestone (Rees, Rovell and Pratt, 1987; Rowell 
et al., in press).
In the Darley Hills, at the type locality of the 
Douglas and the Dick Formation (fig 1), the base of the 
Douglas Conglomerate appears to gradationally overlie the 
Dick Formation (Skinner, 1964; Rees, Rowell and Cole, 
submitted). The two formations may be, in part, laterally 
equivalent. An argillite and siltstone unit at the base 
of the Dick was initially reported to be interbedded with 
Shackleton, but recent work suggests the two are in fault 
contact (Rees, Rowell and Cole, submitted). The Starshot 
Formation (Laird, 1963) may be equivalent to Dick or the 
Douglas strata (Skinner, 1964). Neither the Dick nor the 
Starshot were examined during the field season.
The Douglas Conglomerate, along with the Dick 
Formation, is an unconformity-bounded sequence (fig. 6).
The lower unconformity is exposed in the Holyoake Range and
11
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Figure 6. Diagrammatic representation of the formations 
exposed in the Churchill Mountains, and their inferred 
stratigraphy.
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a significant period of uplift and erosion is suggested by 
the abundant angular clasts of deformed Shackleton 
Limestone, some of vhich bear archaeocyathans. The upper 
unconformity lies beneath the flat-lying basal units of the 
Devonian to Triassic(?) Beacon Supergroup, vhich caps the 
deformed Byrd Group throughout the central Transantarctic 
Mountains.
In the southern Churchill Mountains (the Holyoake 
Range), incomplete sections of the Douglas Conglomerate 
represent deposition in alluvial fans by debris flov, 
hyperconcentrated flood flov and stream flov as veil as 
deposition in marine and lacustrine fan-delta complexes 
(Rees and Rovell, in press). Most of the Douglas in the 
northern Churchill Mountains is highly deformed and 
difficult to define by lithofacies. Sedimentary structures 
such as flute casts, symmetrical ripple marks, graded beds 
and load casts in sandstone and siltstone units suggest 
subaqueous sedimentation dominated by unidirectional flov. 
These fine-grained rocks, together vith very thick, graded 
beds of cobble to pebble conglomerates, suggest rapid 
deposition in a fan-delta complex. The more massive, 
ungraded conglomerates are rarely matrix-supported, are 
commonly trough cross bedded, and probably vere deposited 
by stream flov on alluvial fans or braid plains. Rare 
lensoid sandstone or pebble conglomerate units are evidence 
for channelized flov. Oving to structural complexity and 
the lack of any fossils in the formation, it is impossible
13
to resolve whether or not the sediments comprising the 
Douglas were deposited in a single basin or multiple basins 
that were active simultaneously, episodically or 
diachronously.
The age of the Douglas and the timing of deformation 
are not well constrained, although the Douglas post-dates 
folding and uplift of the Lower Cambrian Shackleton. It is 
possible that uplift and erosion of the Shackleton and 
subsequent deposition of conglomeratic sediments occurred 
as early as Middle Cambrian time, although others have 
proposed that they were triggered by the Cambro-Ordovician 
Ross Orogeny (Rees et al. , in press). After lithification, 
the Douglas underwent three deformational events prior to 
widespread planation followed by the onset of sedimentation 
during middle Devonian time (Rees et al., in press).
GEOLOGIC HISTORY
Potential sources for Douglas sediment were the pre- 
Devonian rocks that crop out in the Transantarctic 
Mountains, lie beneath the ice of the Polar Plateau and lay 
to the west of the range prior to transform faulting. Thus, 
integral to a provenance study of the Douglas is an 
understanding of the distribution of pre-Devonian rocks and 
the tectonic history of the region. Regretfully, the pre- 
Paleozoic history of the central Transantarctic Mountains 
has been pieced together based on scant field data.
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The oldest rocks in the region, the Nimrod Group, crop 
out only in the Hiller and Geologists ranges, adjacent to 
the Nimrod Glacier (Grindley, McGregor and Walcott, 1964; 
fig. 1, 6). These strongly metamorphosed strata are 
assumed to be greater than 1000 Ma based on hornblende K-Ar 
dates (Grindley and McDougall, 1969), and neodymium 
isotopic determinations of granites in the Hiller Range 
suggest that 1800 to 2000 Ma continental crust underlies 
the range (Borg and DePaolo, 1986). The Nimrod Group 
probably represents deposition in moderately shallow water 
adjacent to a tectonically active continental craton, along 
which volcanism occurred intermittently (Grindley,
McGregor, and Walcott, 1964).
The late Precambrian Beardmore Group is thought to be 
younger than the Nimrod Group (fig. 6), being separated 
temporally from the latter by the Nimrod Orogeny (Grindley, 
1972). Contacts between rocks of the two groups have never 
been documented, however. The Beardmore Group is exposed 
throughout the central Transantarctic Mountains.
Equivalent strata crop out from the southern Churchill 
Mountains south along the Ross Ice Shelf to the Queen Maud 
Mountains (Stump, 1985) and in the Pensacola Mountains, as 
well as in the Shackleton Range in northern Victoria Land 
(Gunner, 1982; fig. 3). The sedimentary sequence 
represents deposition, perhaps in a series of linked basins 
(Grindley and Warren, 1964) or distinct fans, as fine­
grained turbidites off a tectonically active craton margin
15
rich in metatnorphic and granitic material (Minshew, 1967; 
Gunner, 1982).
The Beardmore Orogeny occurred during late Proterozoic 
time (Stump et al. , 1988), causing intense folding and low- 
grade regional metamorphism of the Beardmore Group.
Neither the exact cause nor effect of this orogenic event 
is well understood. Many intrusive units previously 
thought to be contemporaneous with the Beardmore orogeny 
have been reanalyzed and have yielded younger K/Ar dates of 
ca. 500 Ma (Pankhurst et al. , 1988). The only timing
constraint of this event is a series of 680 to 620 Ma 
silicic porphyries that intruded folded rocks of the 
Beardmore Group in the Queen Maud Mountains (Stump,
Edgerton and Korsch, 1986; Grindley and McDougall, 1969).
Following this period of tectonism, uplift and 
erosion, a continental margin or wide marginal basin was 
established in the vicinity of the central Transantarctic 
Mountains (Rowell and Rees, in press). The Shackleton 
Limestone and its equivalents were deposited along this 
slowly subsiding shelf. The Shackleton presently crops out 
between the Byrd and Beardmore Glacier and is middle Early 
Cambrian in age (Rowell et al., in press). Similar Cambrian 
carbonates crop out all along the Transantarctic Mountains, 
but many are slightly younger and are interbedded with 
volcanic and clastic material.
The lack of Middle Cambrian fauna in the areally 
extensive Shackleton Limestone and the angular unconformity
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between the deformed Shackleton and the Douglas suggest 
that an orogenlc event may have disrupted shallow shelf 
deposition during the Middle Cambrian. The timing and 
proposed tectonic setting are argued in the "Tectonic 
Model" section of this paper. This event may be related 
to major transcurrent faulting resulting from oblique 
subduction during Middle Cambrian time, which has been 
postulated based on work in northern Victoria Land,
Tasmania and Australia (Bradshaw, Weaver and Laird, 1985; 
Baillie, 1985). Whatever the cause, following deposition 
and lithification of the Douglas, the formation was 
deformed by three contractional events (Rees et al., 
in press; fig. 2). The first deformational event produced 
abundant tight to Isoclinal folds and major faults dipping 
steeply to the northeast or northwest. The second produced 
asymmetric folds with northeast or northeast- and 
northwest-striking axial planes and a large northwest- 
plunging synform that folded the initial faults. The final 
event locally produced kink bands with northeast-striking 
axial planes that transected the older structures.
Some time after Early Cambrian time, a westward 
dipping subduction zone developed along the margin of East 
Antarctica. This subduction system produced widespread 
Cambro-Ordovician silicic volcanism and the emplacement of 
granitic batholiths of the Ross Orogeny (Elliot, 1975;
Stump, 1976; Weaver, Bradshaw and Laird, 1984). Ages of 
the plutonic material cluster between 450 and 550 Ma
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(Pankhurst et al., 1988). Isotope analyses of these 
granitic intrusives suggest that the transition zone 
between continental and the oceanic crust was situated 
somewhere between the Nimrod and Beardmore glaciers, with 
the continent lying to the southwest toward the polar 
plateau <Borg and DePaolo, 1986).
A long period of erosion followed the orogenic events 
of the lower Paleozoic, resulting in the irregular but 
areally extensive Kukri Unconformity of the Transantarctic 
Mountains (Grindley, McGregor and Walcott, 1964; fig. 6).
A marine transgressive sequence, now represented by the 
flat-lying basal strata of the Beacon Supergroup, 
progressively buried this surface (Bradshaw, 1981).
Shallow marine and nonmarine sedimentation persisted 
throughout the Transantarctic Mountain region until the 
advent during Triassic time of the compressive Gondwanide 
Orogeny, marked by widespread silicic volcanism and uplift 
(Du Toit, 1937; Elliot, 1975).
Episodic nonmarine sedimentation and erosion continued 
in the Transantarctic region until late Early Jurassic 
time, when the breakup of Gondwanaland began (Ford and 
Kistler, 1980 in Schmidt and Rowley, 1986). The 
Kirkpatrick Basalt flood flows (Elliot, 1975) and the 
Ferrar Dolerite, which crop out in part in the Churchill 
Mountains (Grindley and Warren, 1964), were produced during 
initial rifting, and the central Transantarctic Mountains 
were uplifted along the western margin of the rift.
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Schmidt and Rowley (1986) postulated that as the Indian 
Ocean began to open about 150 to 130 Ma, major right- 
lateral transform faulting occurred just east of the 
central Transantarctic Mountains. Right-lateral 
translation probably displaced correlatives of formations 
presently exposed near the Churchill Mountains by 500 to 
1000 km.
Beginning about 50 Ma, the Ross Sea sector of the 
Transantarctic Mountains has undergone a second period of 
major uplift resulting from passive rifting and crustal 
thinning in the Ross Sea Embayment (Fitzgerald, 1988; 
Fitzgerald et al., 1987). Fission track dating and
tectonic studies have suggested up to 5 km of uplift since 
early Cenozoic time. Nevertheless, structures related to 
extensional tectonism during the Mesozoic or Cenozoic were 
only recently documented in outcrop. Rees and others 
(submitted), mapping in the southern Churchill Mountains, 
identified three post-Jurassic normal faults, each with 
approximately 300-500 m of displacement.
Thus, the central Transantarctic sector has been 
tectonically active during much of its history. Several 
periods of compression or translation along this margin of 
Gondwanaland occurred during late Precambrian through early 
Paleozoic time. The nature of many of these events is 
poorly documented and poorly understood. Following the 
third defo.rmational event affecting the lower Paleozoic 
formations, there was a long period of tectonic stability,
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resulting in erosion and episodic sedimentation in the 
central Transantarctic Mountains. Uplift of the range 
along a rift margin, marked by the Ross Sea Embayment (fig. 
1) and accompanied by volcanism and transform faulting, 
occurred during the Jurassic breakup of Gondwanaland and 
was resumed during Eocene time. Today this uplift 
continues to drive the range upward.
METHODOLOGY
Petrographic and statistical techniques were used to 
establish the lithologic composition of the Douglas 
Conglomerate. At the localities shown (figs. 2, 7), rocks 
were collected and described, and at four locations A-l, D- 
1, E-l and E-2, counts were made on the outcrop of clasts 
in the conglomerate. In the laboratory, additional clast 
counts were made on samples of pebble conglomerate, and 
thin-section point counts were made on sandstone samples. 
Data from point and clast counts were subjected to simple 
correlation, principal component analysis and discriminant 
function analysis.
Field mapping and sampling were conducted from 
November 24, 1986 to January 5, 1987. The field team
consisted of M. N. Rees, University of Nevada, Las Vegas; 
Gary Girty, San Diego State University; Peter Braddock, 
Queen Charlotte College, New Zealand; and the author. 
Samples were collected from all outcrops visited during the
20
Figure 7. Relative positions along the ridges of samples 
collected for analyses. The base of each columns is set at 
the snow boundary and all sections show evidence of major 
deformation of the stratigraphic sequence. No 
stratigraphic correlation among outcrops is implied. 
Vertical scale is l":50m.
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field season and over as much of each outcrop as possible. 
These samples were collected at intervals along ridges to 
attain a diversity of lithologies that might be 
representative of the Douglas as a whole (fig. 7). No 
measured sections were made due to the multiple phases of 
deformation that have affected the formation. Not included 
in this study are conglomerates, breccias and sandstones 
composed entirely of carbonate fragments that recently have 
been included as part of the Douglas Conglomerate (Rees, 
Rowell and Cole, submitted).
Of the thirty-three sandstones collected, twenty-one 
were selected for point counting, based on grain size, 
percent matrix and amount of alteration. Because of the 
limited number of samples, several counts were made of 
sandstones with mean grain sizes of fine sand. Inclusion 
of this size fraction probably resulted in an increase in 
the modal percentage of feldspars (Odom, 1975) and other 
sand constituents relative to quartz but was deemed not to 
be significant after provenance analysis.
Great care was taken to distinguish compacted unstable 
lithic grains from matrix. The samples used contained less 
than 15’/. matrix (<0.03 mm) and all but four contained less 
than 25% matrix plus cement and silt (<0.06 mm). The 
reliability of the data from these four samples is thus 
limited, but they were included in the factor analyses. 
Carbonate cement and replacement were pervasive, and 
disqualified many of the samples.
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Four hundred framework grains in each of the 21 
samples chosen for study were counted using the Gazzi- 
Dicklnson method (Ingersoll et al., 1984); for grains and 
crystals greater than 0.06 mm within lithic grains, the 
grain type was noted separately. Counting was conducted 
using 200x magnification and a grid large enough to count 
each grain only once and to cover the entire thin section.
Clast counts of conglomerate, both on the outcrop and 
in the lab consisted of identifying and describing a total 
of 400 adjacent clasts. The clasts counted ranged from 0.5 
to 16 cm maximum exposed dimension, but were only rarely 
greater than 6.4 cm (maximum for pebbles). The field 
counts were made out of necessity on weathered surfaces, 
and both weathered and cut surfaces were used in the lab. 
The clast types were placed into categories based on 
criteria that seemed useful for identifying their sources. 
Some clasts from each group were examined in thin section 
for better identification. Two volcanic clasts were 
analyzed for major element chemistry by inductively coupled 
plasm (ICP) spectrometry at Chemex Labs, Sparks, Nevada, 
and for trace and rare earth elements by instrumental 
neutron activation analysis (INAA) at the Phoenix Memorial 
Lab, University of Michigan.
All sandstone grains were grouped for plotting on a 
variety of quartz-feldspar-lithic (QFL) triangular diagrams 
following work by Dickinson and Suczek (1979). Limestone 
grains were included in the lithic (L) and total lithic
24
(Lt) categories and plotted on QFL diagrams. Although 
Dickinson and Suczek chose to avoid all sandstones 
containing limestone fragments, Ingersoll and others (1987) 
stressed the importance of including extrabasinal carbonate 
grains (Lc) when plotting framework modes on QFL diagrams. 
Plots of the data from this study with and without the 
addition of the carbonate clasts illustrated that including 
these clasts does not significantly affect the broad 
provenance group determination of the samples. Because they 
are necessary for the specific determination of 
stratigraphic source, they are included in all aspects of 
this study. Conglomerate clasts were also grouped and 
plotted on triangular diagrams.
Three statistical techniques were used to analyse the 
compositional data sets of the Douglas Conglomerate. 
Multiple correlation of the sandstone and conglomerate data 
was used to illustrate affinities between certain types of 
grains or clasts. Principal component analyBiB was 
performed on each data set to determine which framework 
modes explain the most variance among the samples. Raw 
modal data from all samples were analyzed using the 
computer program BMDP4M (Frane, Jennrich and Sampson,
1985). Discriminant analysis also was conducted, using 
BMDP7M (Jennrich and Sampson, 1985), to determine which 
lithologic variables are most important in distinguishing 
among the four most heavily sampled outcrops.
25
PROVENANCE ANALYSIS OF THE DOUGLAS CONGLOMERATE
Sandstone Description
The average framework composition of sandstones within 
the Douglas Conglomerate is 55. 4% quartz, 13. 5% feldspar, 
and 31.2% lithic grains (table 1). Framework grains 
comprise 57 to 83% of the samples, are angular to 
subrounded, moderately to very poorly sorted (PettiJohn, 
Potter amd Siever, 1972), and range in size from 0.06 to 
1.0 mm in size. Matrix consists of aggregates of minute 
quartz, phyllosilicates and epidote. There is evidence of 
both epimatrix and orthomatrix (Dickinson, 1970), which 
comprises less than 15% of any given sample. It must be 
noted that all samples show evidence of compaction and 
alteration, commonly to the extent that grain boundaries 
are obliterated and original compositions and textures are 
obscured. In such cases, distinctions between matrix and 
grain were based on criteria suggested by Dickinson (1970) 
for identification of pseudomatrix.
Carbonate cement is pervasive, comprising from 7 to 
28% of each sample. Its presence is not surprising 
considering the amount of clastic carbonate material in the 
Douglas and the proximity of the Shackleton Limestone. 
Carbonate cement occurs both as minute crystals in matrix 
and as large crystals filling fractures and voids, and is a 
common replacement mineral in lithic grains and feldspars. 
Quartzose grains comprise from 41.8 to 64.3% of the
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Table 1. Sandstone framework mode percentages
Qm monocrystalline quartz
Qp polycrystalline quartz
K potassium feldspar
P plagioclase
CH chert
LS sedimentary lithic grains
LV volcanic lithic grains
LM metamorphic lithic grains
LC detrital carbonate grains
M mica
Range Sample # Qm QP F P CH LS LV LH LC M
1 AH-86-02 48.8 3.8 10.8 6.3 0.5 0.8 1.3 15.0 0.5 12.
AH-86-06 55.8 7.0 10.8 0.0 1.0 0.0 0.0 16.3 4.8 4.
AH-86-08 48.3 5.3 13.8 7.3 2.0 0.8 4.8 10.3 5.3 2.
AM-86-14 57.0 6.8 5.0 6.8 0.5 0.5 2.3 11.3 3.0 7.
AM-86-15 51.8 3.8 6.3 5.8 2.3 0.8 8.3 13.3 3.3 4.
AM-86-18 41.3 9.0 9.0 1.5 3.5 0.8 2.5 23.5 2.3 6.
AM-86-24 52.0 6.0 13.5 2.0 0.3 0.3 2.5 18.0 1.3 4.
AG-86-01 48.8 3.3 13.3 5.3 2.5 2.3 1.0 14.5 3.0 6.
3 CP-86-05 40.8 3.0 9.3 4.5 4.0 1.5 3.3 18.3 8.0 7.
CP-86-09 46.8 4.5 11.8 2.5 0.5 0.8 0.8 23.0 2.8 6.
CP-86-13 54.0 4.3 6.9 6.4 3.3 2.1 4.3 14.5 3.3 0.
4 DM-86-02 46.5 4.5 8.0 3.8 2.3 2.0 3.0 18.3 3.8 8.
5 EM-86-02 58.0 5.5 8.3 0.0 2.8 2.0 2.5 11.5 6.3 3.
EM-86-07 46.5 6.5 14.0 4.5 1.3 0.5 2.5 16.8 1.5 6.
EM-86-09 55.0 5.0 11.3 0.0 1.3 0.5 1.5 20.0 0.8 4.
EM-86-13 50.8 4.5 15.3 0.0 1.5 0.5 2.3 19.0 3.0 3.
EM-86-15 43.3 5.3 14.0 5.3 0.3 0.3 0.8 20.5 3.5 7.
9 HP-86-01 48.8 6.3 4.5 2.8 1.5 0.5 1.0 21.3 11.0 2.
HP-86-04 30.8 5.0 6.0 2.3 6.0 8.3 20.8 8.5 11.8 0.
HP-86-09 52.6 1.2 9.0 5.2 3.5 2.4 6.1 16.0 1.2 2.
a JM-86-1 39.0 5.0 11.0 0.0 2.0 1.3 3.5 23.3 12.3 2.
HEAH 48.4 5.0 10.1 3.4 2.0 1.4 3.6 16.8 4.4 5.
SDEV 6.5 1.6 3.1 2.5 1.4 1.7 4.3 4.2 3.5 2.
l HEAH 50.4 5.6 10.3 4.3 1.6 0.8 2.8 15.3 2.9 6.
3 MEAN 47.2 3.9 9.3 4.5 2.6 1.5 2.8 18.6 4.7 5.
4&5 HEAH 50.0 5.2 11.8 2.3 1.5 1.0 2.1 17.7 3.1 5.
8&9 HEAH 42.8 4.4 7.6 2.5 3.3 3.1 7.8 17.3 9.0 2.
1 SDEV 4.6 1.9 3.1 2.6 1.1 0.6 2.4 3.9 1.5 2.
3 SDEV 5.4 0.7 2.0 1.6 1.5 0.6 1.5 3.5 2.4 2.
4&5 SDEV 5.2 0.7 2.9 2.3 0.8 0.7 0.7 3.0 1.8 1.
819 SDEV 8.5 1.9 2.5 1.8 1.8 3.1 7.7 5.7 4.6 0.
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total sandstone framework grains <table 1). (Unless 
otherwise noted, all percentages given in the following 
discussion are percentages of framework grains.) 
Monocrystalline quartz (fig. 8A) makes up at least 73.7% of 
the total quartz population, and approximately one-third of 
this subgroup exhibits undulatory extinction angles greater 
than 4°. Polycrystalline grains of two to three crystals 
are rare; most polycrystalline grains contain many 
crystals, usually of bimodal size distribution. Commonly 
tiny (<0.03 mm) crystals occur at interfaces between larger 
ones (fig. fiB). Some polycrystalline grains contain 
chlorite or other alteration products or impurities, 
looking dark in plane light, and individual crystals 
sometimes take on an elongate and irregular appearance.
The majority of quartzose grains, however, are unaltered or 
contain fractures or veneers of carbonate cement. Chert is 
abundant in only two samples. Where it occurs, chert 
almost always contains dolomite rhombs. Rare relict 
textures suggest that the silica has replaced allochemical 
limestone.
Both sodic and potassic feldspars are present in all 
samples, comprising between 7 and 21% of the framework 
grains. Approximately one-third of the feldspar population 
is plagioclase (fig. 8C), most commonly andesine (An35; 
Michel-Levy method). The amount of alteration is variable 
within and between samples and within individual crystals. 
The most common alteration products are saussurite and
2a
Figure 8. Photomicrographs of sandstone framework grains. 
(A) Monocrystalline quartz. Quartz with undulatory 
extinction in center, quartz with uniform extinction at 
top. (B) Polycrystalline quartz. (C) Plagioclase feldspar 
with polysynthetic twinning. (D) Microcline with 
crosshatched twinning. (E) Metasedimentary grain composed 
of microcrystalline quartz and mica. Bar scales in A, C, D 
and E = 0.02 mm, and in B = 0.05 mm.
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calcite. The majority of potassium feldspar is orthoclase 
(fig. 8D), although a small amount of microcline does 
occur. Orthoclase also is altered inconsistently but may 
be extremely altered to sericite and clays. Microcline is 
usually relatively unaltered.
A wide variety of aphanitic lithic grains occur in 
the Douglas Conglomerate, constituting 17. 1 to 49.4% of the 
framework grains (table 1). The vast majority of lithic 
grains are metamorphic in origin. They all are composed 
primarily of varying amounts of quartz and phyllosilicates, 
but are grouped into three major categories. The first, 
averaging 427. of the metamorphic grains, is composed of 
variable percentages of micro- to cryptocrystalline quartz 
(<0.03 mm) and phyllosilicates (fig. 8E). In some grains, 
the crystals are arranged in a random fashion, but in the 
majority of grains, they exhibit a well-developed planar 
fabric. This type of grain grades into tectonite, the 
second important type. These consist primarily of 
preferentially aligned quartz and mica, typically have 
quartz crystals <0. 03 mm in size, may contain chlorite or 
opaque material and comprise about 30% of the metamorphic 
lithic grains. A subset of this type does not show 
preferred orientation of grains but is considered to be 
tectonite based on mineralogy and grain size. The third 
type of metamorphic grain consists entirely of mica 
crystals smaller than 0.03 mm.
Unmetamorphosed siltstone and shale clasts are rare.
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Many siltstone grains contain carbonate cement, vhich often 
obscures most of the grain. Shale grains usually are 
crushed between other grains and are very indistinct where 
present. Probably most of these grain types have been 
regarded as matrix.
Carbonate grains comprise 1 to 8% of the sand grains. 
They are typically microcrystalline, but occasionally are 
single large crystals distinguished from in situ cement by 
brown weathered halos around the grains (fig. 9A). Grains 
containing ooids or structures of probable organic origin 
are rare but present (fig. 9B>.
Volcanic grains include a variety of types. Host 
commonly they are greenish in plane light and contain an 
abundance of minute plagioclase laths, or rarely very large 
laths (0.15 mm; figs. 9C, 9D). The second most abundant 
volcanic clast type is cryptocrystalline felsite, greenish 
in hand sample as well as in thin section. It is often 
difficult to distinguish from chert except for its green 
color and the presence of rare silt-size feldspar 
phenocrysts. A third type is hypabyssal or plutonic in 
origin. These grains Bre counted as aphanitic volcanic 
lithic grains when the microscope cross-hairs intersect 
ground mass but as grains of quartz or feldspar when the 
cross-hairs land on sand-size phenocrysts within the 
grains, according to the Gazzi-Dickinson method (Ingersoll 
et al., 1984).
Detrital biotite and muscovite occur in sub-equal
32
Figure 9. Photomicrographs of sandstone framework grains. 
(A) Detrital carbonate grains. Microcrystalline grain in 
center; single crystal grains in upper left. (B) Detrital 
carbonate grains with relict grainstone texture. (C) 
Volcanic lithic grain containing microcrystalline 
plagioclase crystals. (D) Volcanic lithic grain containing 
phenocrysts of plagioclase. Bar scales in A and C = 0.22 
mm), and B and D = 0. 5 mm).
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amounts, and with chlorite constitute up to 12% of the 
framework. Heavy minerals including zircon, tourmaline and 
clinozoisite are rare.
Conglomerate Description
All clast counts were performed on clast-supported 
conglomerates. Matrix comprised 10 to 30% of the 
conglomerates, depending on degree of sorting of clasts.
It is most commonly greenish medium-grained sandstone, very 
poorly sorted, with angular and subangular grains, 
essentially the same as the sandstone described above.
The Douglas Conglomerate contains a wide variety of 
clast types (table 2). Many of the clasts exhibit veinlets 
and seams filled with carbonate or silica cement. Some 
cracks cut across the conglomerate, but most end at clast 
borders.
The majority of the clasts, 55.&%, in the Douglas are 
composed of slightly metamorphosed or recrystallized 
sandstone which vary from poorly to well cemented. In 
thin-section, most sandstone clasts have at least some 
sutured contacts between quartz grains, and one contained 
what appeared to be chlorite pseudomorphs after biotite 
crystaloblasts. Metasandstones are typically white or grey 
and rarely black or green. Compositionally, they range from 
quartz arenites to lithic arenites; feldspar is not common 
or has deteriorated beyond recognition. Siltstones, many 
of which contain a large amount of carbonate cement, are
35
Table 2. Clast count data for 14 conglomerate samples
METSS metamorphosed or recrystallized sandstone
CARB detrital carbonate clasts
VQLC volcanic clasts
PLUT plutonlc clasts
SILIC sillclfied limestone clasts
DQLO dolomite clasts
SS sandstone clasts, not recrystallized
CHERT chert clasts
MARBLE marble clasts
Range Sample # METSS CARB V0LC PLUT SILIC D0L0 SS CHERT MARBLE
1 A-l 28.7 24.3 2.3 4.7 5.2 0.0 34.6 0.3 0.0
AM-86-20 46.4 16.8 3.0 0.5 15.0 3.0 15.0 0.3 0.0
AM-86-21 42.7 18.3 3.0 0.0 21.4 1.3 11.1 1.3 1.0
AM-86-22 40. 5 20.3 3.0 0.5 21.3 1.8 12.0 0.5 0.3
AM-86-25 43.5 19.3 1.8 0.3 21.8 2.0 10.5 0.3 0.8
3 CP-86-10 49.0 26.0 3.5 0.3 12.8 0.0 7.3 1.3 0.0
CP-86-10b 43.4 13.2 2.8 0.0 24.7 4.4 11.5 0.0 0.0
CP-86-12 46.1 13.8 2.6 0.0 23.2 3.4 10.9 0.0 0.0
4 D-l 25.5 42.5 1.8 6.0 9.9 0.8 12.2 0.3 1.0
5 E-l 44.3 30.5 2.8 2.8 4.3 1.5 13.8 0.3 0.0
E-2 41.5 25.1 0.3 4.1 13.9 1.3 13.4 0.0 0.5
EM-86-12 48.8 12.3 4.8 0.8 20.5 1.8 10.3 1.0 0.0
EM-86-14 51.1 20.0 2.5 0.8 14.8 5.3 5.3 0.3 0.0
9 HP-86-03 45.0 31.5 1.8 0.3 3.3 1.3 16.5 0.0 0.5
MEAN 42.6 22.4 2.6 1.5 15.1 2.0 13.2 0.4 0.3
SDEV 7.0 8.0 1.0 1.9 7.1 1.5 6. 6 0.4 0.4
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included in the sandstone category.
Carbonate clasts, dominantly limestone, comprise 22.4’/. 
of the total clasts (table 2). These include 
archaeocyathan-bearing boundstone, fenestral mudstone and 
burrov mottled packstone and vackestone. Limestone clasts 
up to 1 m are the largest in the polymictic units, the only 
ones to exceed 30 cm. Dolomite constitutes only 25C of the 
total clasts, and marble only 0. 3V..
Silicified limestone is another distinctive component, 
composing 15.1% of the clasts. Such clasts are usually 
white microcrystalline with a peculiar orange weathering 
that sometimes extends into the interior of the clasts. 
Stromatolitic textures and ooids commonly are preserved.
The clasts are subrounded to well rounded. Cobbles and 
boulders of this type are very distinctive, as the 
stromatolites and ooids tend to weather in relief, 
producing irregular orange and white mottled clast 
surfaces.
Volcanic clasts, comprising 2.&% of the total, cover a 
wide range of textures. Their original compositions could 
not be determined by chemical analysis, which suggest that 
the clasts are now clay or clay minerals. The most common 
volcanic clasts are green microcrystalline rhyolite and 
punky green felsite containing plagioclase phenocrysts, 
amygdules and opaque minerals. The plagioclase within some 
of the clasts is oligoclase <Anl8; Michel-Levy method). 
Cobble clasts of volcanic material are well rounded and
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field observations suggest they are concentrated in 
specific horizons, although our statistical data does not 
support this conclusion.
Felsic plutonic clasts are not common in the pebble 
fraction, comprising only 1.5V. of the clasts. Field 
observations suggest that they are more common in the 
cobble population. Igneous clasts are usually well 
rounded. Samples of diorite orthogneiss and single-mica 
granite were collected; two-mica granitoid and tourmaline- 
bearing granitoid clasts were also observed. A minor 
amount of chert, comprising only 0. 3V. of the clasts, was 
also counted.
Provenance
The point count data summarized in tables 3A and 3B 
plot within the recycled orogen fields on the framework 
mode diagrams of Dickinson and Suczek (1979): the QFL 
diagram with end members total quartz, feldspar and lithic 
grains (fig. 10; table 3A); and the QmFLt diagram with end 
members monocrystalline quartz, feldspar and total lithic 
grains (fig. 11; table 3A). Virtually all the data from 
the sandstones, as well as that from the conglomerate clast 
counts, plot within the collision or foreland thrust orogen 
field on the QpLvLs diagram (end members polycrystalline 
quartz, volcanic and metavolcanic and sedimentary and 
metasedimentary grains; Dickinson, 1985; fig. 12; table 3B). 
Sediments derived from such orogens typically have very low
38
Table 3A. Normalized point count data plotted on framework 
mode diagrams (Dickinson and Suczek, 1979).
Q = Qm + Qp + Ch
F = K ♦ P
L = Ls + Lv ♦ Lm + Lc
Lt = Ls + Lv + Lm + Lc ♦ Qp + Ch
Range Sample # %Q XF XL QFL XQa XF XLt QnFLt
1 AM-86-02 60.6 19.4 20.0 100.0 55.7 19.4 24.9 100.0
AM-86-06 66.8 11.3 22.0 100.0 58.4 11.3 30.4 100.0
AM-86-08 56.9 21.5 21.5 100.0 49.5 21.5 29.0 100.0
AM-86-14 69.1 12.6 18.3 100.0 61.3 12.6 26.1 100.0
AM-86-15 60.6 12.6 26.8 100.0 54.3 12.6 33.1 100.0
AM-86-18 57.6 11.3 31.1 100.0 44.2 11.3 44.5 100.0
AM-86-24 60.8 16.2 23.0 100.0 54.3 16.2 29.5 100.0
AG-86-01 58.1 19.7 22.1 100.0 52.0 19.7 28.3 100.0
3 CP-86-05 51.6 14.9 33.5 100.0 44.1 14.9 41.1 100.0
CP-86-09 55.5 15.3 29.2 100.0 50.1 15.3 34.6 100.0
CP-86-13 62.2 13.4 24.4 100.0 54.5 13.4 32.1 100.0
4 DM-86-02 57.9 12.8 29.3 100.0 50.5 12.8 36.7 100.0
5 EM-86-02 68.5 8.5 23.0 100.0 59.9 8.5 31.5 100.0
EM-86-07 57.7 19.7 22.6 100.0 49.5 19.7 30.9 100.0
EM-86-09 64.3 11.8 23.9 100.0 57- 7 11.8 30.4 100.0
EH-86-13 58.7 15.8 25.6 100.0 52.5 15.8 31.8 100.0
EM-86-15 52.4 20.7 26.9 100.0 46.5 20.7 32.8 100.0
9 HP-86-01 57.9 7.4 34.6 100.0 50.0 7.4 42.6 100.0
HP-86-04 42.1 8.3 49.6 100.0 31.0 8.3 60.7 100.0
HP-86-09 59.0 14.6 26.5 100.0 54.1 14.6 31.3 100.0
a JH-86-01 47.3 11.3 41.4 100.0 40.1 11.3 48.6 100.0
i MEAN 61.3 15.6 23.1 53.7 15.6 30.7
3 HEAH 56.4 14.5 29.0 49.6 14.5 35.9
4&S HEAH 59.9 14.9 25.2 52.8 14.9 32.3
6&9 HEAH 51.6 10.4 38.0 43.8 10.4 45.8
1 SDEV 4.1 3.9 3.8 4.9 3.9 S. 7
3 SDEV 4.4 0.8 3.7 4.3 0.8 3.8
415 SDEV 5.2 4.3 2.4 4.7 4.3 2.1
819 SDEV 7.1 2.8 8.5 9.0 2.8 10.6
39
Table 3B. Normalized point count data plotted on framework 
mode diagrams (Dickinson and Suczek, 1979; Dickinson,
1985).
Qp = Qp + Ch 
Lvm = Lv 
Lsm = Le + Lm
Range Sample # XQp XLvm XLsm QpLvmLsm XQm XP XK QmKP
1 AN-86-02 19.5 5.7 74.7 100.0 74.1 9.5 16.3 100.0
AM-86-06 27.6 0.0 72.4 100.0 83.8 6.8 9.4 100.0
AfJ-86-08 25.7 16.8 57.5 100.0 69.7 10.5 19.9 100.0
AM-86-14 29.9 9.3 60.8 100.0 82.9 9.8 7.3 100.0
AM-86-15 19.0 26.2 54.8 100.0 81.2 9. u 9.8 100.0
AM-86-18 30.1 6.0 63.9 100.0 79.7 8.2 12.1 100.0
AM-86-24 22.1 8.8 69.0 100.0 77.0 7.4 15.6 100.0
AG-86-01 21.7 3.8 74.5 100.0 72.5 7.8 19.7 100.0
2 CP-86-05 18.4 8.6 73.0 100.0 74.8 8.3 17.0 100.0
CP-86-09 15.5 2.3 82.2 100.0 76.6 4.1 19.3 100.0
CP-86-13 23.9 13.4 62.7 100.0 80.3 9.5 10.2 100.0
4 DM-86-02 20.0 8.9 71.1 100.0 79.8 6.4 13.7 100.0
5 EM-86-02 27.0 8.2 64.8 100.0 87.5 5.7 6.8 100.0
EM-86-07 26.7 8.6 64.7 100.0 71.5 6.9 21.5 100.0
EM-86-09 21.6 5.2 73.3 100.0 83.0 4.2 12.8 100.0
EM-86-13 19.5 7.3 73.2 100.0 76.9 7.6 15.5 100.0
EM-86-15 18.0 2.5 79.5 100.0 69.2 8.4 22.4 100.0
9 HP-86-01 18.7 2.4 78.9 100.0 87.1 4.9 8.0 100.0
HP-86-04 18.3 34.4 47.3 100.0 78.8 5.8 15.4 100.0
HP-86-09 14.1 18.3 67.6 100.0 78.8 7.8 13.4 100.0
8 JP-86-01 14.8 7.4 77.8 100.0 78.0 2.0 20.0 100.0
1 MEAN 24.5 9.6 66.0 77.6 8.6 13.8
3 MEAN 19.3 8.1 72.6 77.2 7.3 15.5
4&5 MEAN 22.1 6.8 71.1 78.0 6.5 15.5
8&9 MEAN 16.5 15.6 67.9 80.7 5.1 14.2
1 SDEV 4.2 7.8 7.3 4.8 1.2 4.5
3 SDEV 3.5 4.5 8.0 2.3 2.3 3.8
445 SDEV 3.5 2.3 5.2 6.3 1.4 5.3
849 SDEV 2.0 12.3 12.7 3.7 2.1 4.3
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Figure 10. QFL diagram. Plotted values given in table 3A. 
Q = Qm + Qp + Ch 
F = K + P
L = Ls Lv + Lm + Lc
ro = recycled orogen provenances
cb = continental block provenances
ma = magmatic arc provenances
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Figure 11. QmFLt diagram (after Dickinson and Suczek, 1979). 
Plotted values given in table 3A.
Q m  = Q m  
F = K + P
Lt = Ls + Lv + Lm + Lc + Qp + CH
ro = recycled orogen provenances
cb = continental block provenances
ma = magmatic arc provenances
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Figure 12. QpLvLs diagram (after Dickinson, 1985). 
Plotted values given in table 3B.
Qp = Qp + CH 
Lv = Lv
Ls = Ls + Lm Lc
ft = foreland thrust and collision belt provenances
s = subduction zone provenances
ma = magmatic arc provenances
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feldspar to quartz ratios and large sedimentary and 
metasedlmentary components. Although Dickinson and Suczek 
(1979) did not Include sandstones with large detrltal 
carbonate populations in their analyses, they did 
acknowledge that foreland suites often contain "high 
proportions of recycled detrital carbonate grains eroded 
from exposed limestone and dolostone units..."
A plot of conglomerate clasts was made for qualitative 
comparison with the QpLvLs diagram, using end members chert 
(Ch), volcanic clasts (Lv) and sedimentary clasts (Ls) 
(table 4; fig. 13). Assuming the end members are 
comparable, the clast data also plot within the foreland 
fold and thrust belt field. A second plot of carbonate 
(Lc), igneous (Li) and metasedlmentary (Ls) clasts showed 
no trends or separation among conglomerate populations; all 
points clustered in a tight group (table 4; fig. 14).
The principal sources for the Douglas Conglomerate are 
sedimentary and metasedlmentary. Limestone amd 
metasandstone clasts comprise 95. 3 '/• of the total clasts, 
and sand-sized metasedlmentary and carbonate fragments 
constitute 14.2 54 of the framework grains. The presence of 
a large monocrystalline quartz population, even accounting 
for artificial abundance arising from the Gazzi-Dickinson 
counting method, may also indicate recycled quartz, 
although few quartz overgrowths were identified. The 
monocrystalline quartz- plagioclase-potassium feldspar 
(QmPK) diagram (table 3B; fig. 15), which reflects the
4 4
Table 4. Normalized clast count data plotted on ternary 
diagrams (figs. 13, 14).
Lc = CARB + SILIC + DOLO + MARBLE
Li = VOLC PLUT
Lsc = METSS + SS + CHERT
Ch = CHERT
Lv = VOLC
Ls = METSS + SS
Range Sample # %Lc */.Li •/.Lsc 1LcLiLsc XCh 7. Lv XLs ChLvLs
1 A-l 29. 5 7.0 63.6 100.0 0.3 2.4 97.3 100.0
AM-86-20 34.8 3. 5 61.7 100.0 0.3 3.0 96.7 100.0
AM-86-21 42.0 3.0 55.0 100.0 1.3 3.0 95.7 100.0
AM-86-22 43. 5 3.5 53.0 100.0 0.5 3.0 96.5 100.0
AM-86-25 43.8 2.0 54.3 100.0 0.3 1.8 98.0 100.0
3 CP-86-10 38.8 3.8 57.5 100.0 1.3 3. 5 95.2 100.0
CP-86-10b 42.3 2.8 55.0 100.0 0.0 2.7 97.3 100.0
CP-86-12 40. 4 2.6 57.0 100.0 0.0 2.6 97.4 100.0
4 D-l 54.2 7.8 38.0 100.0 0.3 1.9 97.8 100.0
5 E-l 36.3 5. 5 58. 3 100.0 0. 3 2.8 96.9 100.0
E-2 40.8 4.3 54.9 100.0 0.0 0.3 99.7 100.0
EM-86-12 34.5 5.5 60.0 100.0 1.0 4.8 94.2 100.0
EM-86-14 40. 1 3.3 56.6 100.0 0.3 2.5 97.2 100.0
9 HP-86-03 36.5 2.0 61. 5 100.0 0.0 1.8 98.2 100.0
MEAN 39.8 4.0 56.2 0.4 2.6 97.0
SDEV 5.6 1.7 5.9 0.4 1.0 1.3
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Ch
Figure 13. ChLvLs diagram. Plotted values given in table 4.
Ch = CHERT 
Lv = VOLC
Ls = METASS + SS + CARB SILIC DOLO + MARBLE
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Ls
Figure 14. LcLiLsc diagram. Plotted values given in table 
4.
Lc = CARB + SILIC + DOLO + MARBLE 
Li = VOLC + PLUT 
Lsc = METASS + SS
47
P
Figure 15. QmPK diagram (after Dickinson and Suczek,
1979). Plotted values given in table 3B. Samples plotted 
near the Qm apex suggest a mature provenance.
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monocrystalline population distribution, suggests that the 
source of monocrystalline material was very mature, 
possibly a continental block provenance. Polycrystalline 
quartz exhibiting planar fabric and mica-rich metamorphic 
grains suggest low grade metamorphism of the source.
Two subordinate sources for the Douglas Conglomerate 
are indicated. The presence of volcanic clasts (2.5 %) and 
grains (3.8 7.) indicate erosion of a volcanic terrane.
While the amount of volcanic grains varies among the 
sandstone samples, the relative porportion of felsite and 
lathwork grains is fairly constant.
Microcline, other altered feldspars, and felsic lithic 
clasts and grains were derived from one or more granitic 
sources and constitute 1.4 7. of the clasts and 13. 5 % of 
the sandstone grains. The range of alteration in the 
feldspars suggests that they were derived from more that 
one source area or had more that one transport history.
RESULTS OF STATISTICAL ANALYSES
Multivariate analyses of the sandstone framework modes 
and clast counts were used to enhance observations made in 
the field and in the lab. These results support the 
conclusion that the Douglas Conglomerate resulted from 
deposition in a complex system with multiple source areas 
and that detritus from the different areas may have had 
unique weathering and transport histories. Correlation
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matrices of grain types show that chert, volcanic and 
sedimentary grains are highly correlated; principal 
component analyses determined that the relative percentages 
of sedimentary, volcanic and chert grains vary the most 
among sandstone samples; and discriminant analyses 
suggested that only one parameter, the percentage of lithic 
carbonate content of sandstones, was significantly 
different among four outcrop groups. Among clast types, 
only plutonic and metasandstone clasts, and silicified 
carbonate and carbonate clasts were highly correlated; 
variance could not be explained simply; and no discriminant 
function could be constructed to separate the a priori 
groups.
Multiple Correlation
Product-moment correlation coefficients indicate the 
degree of interrelation between pairs of variables in a 
data set, the other variables being held constant (Sokal 
and Rohlf, 1969). Large positive values show a strong 
positive correlation between the variables, while negative 
values show a negative correlation. Two product-moment 
correlation matrices were computed using sandstone point 
count data, the first (Matrix A; fig. 16A) treating 
sedimentary lithic grains and metamorphic grains as 
separate populations, and the second (Matrix B; fig. 16B) 
combining the two. The first correlation matrix indicates 
significant correlations at the 0.01 level (Zar, 1984)
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Figure 16. Simple correlation matrices constructed using 
raw data from sandstone and conglomerate units. <A)
Matrix A from sandstone analyses treating sedimentary (Ls) 
and metasedimentary (Lm) grains separately. Critical value 
is 0.549 at « = 0.01, 0.433 at = 0.05. <B> Matrix B
derived from sandstone analyses using the combined variable 
Lsm. Critical values are as in Matrix A. (C) Matrix from 
clast count data. Critical value is 0.661 at <=* = 0. 01 and 
0.532 at 0.05 (Zar, 1984).
Qm monocrystalline quartz
OP polycrystalline quartz
F potassium feldspar
P plagioclase
CH chert
LS sedimentary lithic grains
LV volcanic lithic grains
LM metamorphic lithic grains
LC detrital carbonate grains
M mica
LVM volcanic lithic grains
LSM sedimentary and metasedimentary lithic grains
METASS metamorphosed or recrystallized sandstone clasts
CARB detrital carbonate clasts
VOLC volcanic clasts
PLUT plutonic clasts
SILIC silicified limestone clasts
D0L0 dolomite clasts
SS sandstone clasts, not recrystallized
CHERT chert clasts
MARBLE marble clasts
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A) Framework Mode Matrix A
LCQM QP F P CH LS LV LM
QM 1. 000
QP 068 1. 000
F 135 199 1. 000
P . 292 255 . 108 1. 000
CH 407 247 384 051 1. 000
LS 491 260 286 135 . 805 1. 000
LV 484 191 309 031 . 737 . 882 1. 000
LM 167 . 157 . 161 389 312 479 530 1. 000
LC 506 047 332 470 . 505 . 499 . 458 052
M 040 024 . 254 . 193 441 386 463 . 198
1. 000 
524
B) Framework Mode Matrix B
MQM QP F P CH LVM LSM LC
QM 1. 000
QP 068 1. 000
F 135 199 1. 000
P . 292 255 . 108 1. 000
CH 407 247 384 051 1. 000
LVM 484 191 309 031 . 737 1. 000
LSM 381 . 051 . 029 484 . 032 201 1. 000
LC 506 047 332 470 . 505 . 458 . 164 1. 000
M 040 024 . 254 . 193 441 463 . 013 524
C) Clast Count Matrix
METASS CARB VOLC PLUT SILIC DOLO SS
METASS 1. 000
CARB 556 1. 000
VOLC . 478 535 1. 000
PLUT 858 . 684 339 1. 000
SILIC . 351 769 . 357 599 1. 000
DOLO . 495 535 003 447 . 493 1. 000
SS 613 . 149 -.265 . 509 -.500 -.447 1. 000
CHERT . 214 124 . 664 191 . 189 -. 445 -.273
MARBLE 434 . 435 459 . 201 . 025 -. 329 -. Ill
1. 000
CHERT
1. 000 
. 153
among the occurrence of chert (Ch), volcanic lithic (Lv) 
and sedimentary lithic (Ls) grains, suggesting that 
unmetamorphosed sedimentary, chert and volcanic grain 
protoliths were all situated along one or more drainages 
feeding the depositional basin. There is also a positive 
correlation at the 0.05 level between chert and carbonate 
lithic clasts (Lc), suggesting that the chert was not 
derived from a limestone source area. Field observation, 
however, does not substantiate this correlation in that no 
presently known outcrops of SLackleton contain chert. The 
lack of correlation between metamorphic clasts and any 
other type suggests that a metamorphic provenance was 
separate from the other source areas.
The second correlation matrix of sandstone point count 
data (fig. 16B) was generated using the combined parameters 
sedimentary and metasedimentary grains (Lsm) and volcanic 
and metavolcanic grains (Lvm), because these same 
parameters were used to generate QpLvmLsm plots (fig. 8). 
This plot displays no new relationships; the only change is 
that the unmetamorphosed grains were overwhelmed by 
metamorphosed sedimentary grains, resulting in correlation 
between this category (Lsm) and volcanic or chert grains.
The correlation matrix of clast types (fig. 160 shows 
negative correlations between plutonic and metasandstone 
clasts, and silicified carbonate and carbonate clasts, and 
a positive correlation between volcanic (VOLC) and chert 
clasts. Thus, it seems likely that chert was derived from
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a volcanic terrane rather than from the nearby Shackleton. 
Similarly, the silicified carbonate is probably from a more 
distal source.
Principal Component Analyses
Principal component analysis is a procedure used to 
determine which measured parameters explain most of the 
variance within a data set, and to reduce the number of 
parameters by combining them. The result is a few factors 
that combine variables in a linear manner. In the general 
model y- = 21 pj xy where "yj " is the "ith" principal
is a loading constant of the jth variable (Davis, 1986).
The loadings are the corresponding elements of the 
eigenvectors contributed by the variables and computed 
using the correlation matrix. The associated eigenvalues 
each represent a portion of the total variance.
Ideally, the result is only three or four factors that 
represent small, interprettable combinations of variables. 
The loadings are ideally close to 1 or 0 to maximize or 
minimize the contribution of each variable to the factor. 
Because the sandstone framework modes or clast types in the 
Douglas are not well correlated, the principal components 
are not simple combinations of these parameters, which 
suggests that the Douglas was derived from a complex system 
and its lithology was affected by many geologic factors.
Using correlation Matrix A (fig. 16A) the first
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Figure 17. Sorted rotated factor loadings for the first 
three principal components derived from principal component 
analysis, using computer program BMDP4M (Frane, Jennrich 
and Sampson, 1985). The VP for each factor column is the 
sum of squares of the loadings contributing to that factor. 
The VP represents the percentage of the variance explained 
by the factor. The factors have been rotated orthogonally 
for better fit of the data, and have been arranged so that 
the columns appear in decreasing order of variance 
explained. The rows have been arranged so that for each 
successive factor, loadings greater than 0.5000 appear 
first. Loadings less than 0.2500 have been replaced by 
zero. <A) Factor loadings derived from Matrix A, figure 
16A. <B) Factor loadings derived from Matrix B, figure
16B. (C) Factor loadings derived from Clast Count Matrix,
figure ISC.
A) FACTOR
1
FACTOR
2
FACTOR
3
LS . 929 .OOO . 000
LV . 896 . 000 . 000
CH . 844 . 000 . 000
QM 646 . 527 -. 379
LC . 632 -. 472 -. 314
P . OOO . 820 . 000
LM 393 -. 699 . 267
K . 000 . 000 . 796
M 401 . 000 . 616
QP 359 -. 441 -.412
VP 3. 682 1.891 1.646
variance 36. 6 */. 18. 9 V. 16.5 */.
B) FACTOR
1
FACTOR
2
FACTOR
3
LVM . 867 . 000 -. 254
CH . 856 . 000 . 000
LC . 709 -.456 . 000
M -. 684 . 000 -. 307
LSM . 000 -.796 . 000
P . 000 . 735 -.416
QM -. 338 . 726 . 379
QP . 000 . 000 . 715
K -. 537 . 000 -. 576
VP 2. 919 1. 981 1.384
variance 29.2 */. 19.8 */. 13.8 */.
C) FACTOR
1
FACTOR
2
FACTOR
3
PLUT . 829 .257 . 000
SILIC -. 811 . 000 .000
SS . 804 -. 260 . 000
METASS -.738 -.415 . 000
DOLO -. 674 -. 294 -. 579
CARB . 637 . 593 .000
MARBLE . 000 . 946 . 000
CHERT . 000 .000 . 960
VOLC -. 289 -. 530 .729
VP 3. 503 1. 931 1. 859
variance 35.0 7. 19.3 y. 18.6 */.
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principal component <fig. 17A), which explains only 37% of 
the variation among the samples, is most dependent on Ls,
Lv and Ch, suggesting that a major source of variation is 
the amount of these materials contributed to the drainage 
basin. Collectively, the first three principal components 
explain only 72% of the total variance among the samples, 
and monocrystalline and polycrystalline quartz, lithic 
carbonate and metamorphic lithic types are distributed 
among the three factors, suggesting that the most common 
components of the sandstones cannot be used to explain the 
variance. The second factor is determined mainly by 
plagioclase (P) and metamorphic grains (Lm), and the third 
by potassium feldspar (K) and mica (M). The latter factor 
may suggest that much of the mica in the Douglas was 
derived from a plutonic, rather than a metamorphic, source.
Principal components based on the parameters used in 
correlation Matrix B (fig. 16B) explain slightly less of 
the total variance (63%; fig. 17B). This organization, 
however, created different factor loadings, or 
contributions to the factors from each parameter. The 
first associated volcanic, chert, extrabasinal carbonate 
and, less significantly, mica grains; the second 
sedimentary and metasedimentary, plagioclase and 
monocrystalline quartz; and the third polycrystalline 
quartz and potassium feldspar.
Similarly, the first principal component based on 
conglomerate clast types (fig. 170 shows that several
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parameters are needed to explain the variance.
Discriminant Analysis
Discriminant analysis was used to determine whether 
there is a significant difference between sandstone 
framework modes and between clast types from individual 
outcrops or groups of outcrops. Discriminating variables 
are chosen by stepwise process: At each step the variable
that adds the most to the separation of the groups, based 
on calculated F-statistics, is entered into the 
discriminant function. The resultant canonical variables, 
linear combinations of the initial parameters, are plotted 
for each sample (Jennrich and Sampson, 1985).
Two different sample groupings of sandstone framework 
modes were run, the first to test for lithologic similarity 
controlled by stratigraphy and the second to test for 
structural control of lithology. In both cases, this 
method suggests that individual or groups of outcrops are 
not lithologically distinct from one another. In the first 
run, four sets of samples were used: set A from Ridge 1,
set B from Ridge 3, set C from ridges 4 and 5 combined, and 
set D from ridges 8 and 9 combined. The program selected 
only one parameter, extrabasinal carbonate fragments, with 
which to construct a canonical variable to distinguish 
among the outcrops. The lack of distinct grouping of 
sample sets on the histogram of the first canonical 
variable illustrates that the lithologies of the outcrops
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C A
O D D  B C A AD C B A A B  A C A C A
-3 .6  -3 .0  -2 .4  -1 .8  -1 .2  - .6 0  0 .0  . 60 1.2 1.8 2 .4
-3 .3  -2 .7  -2 .1  -1 .5  - .9 0  - .3 0  . 30 . 90 1.5 2.1
Figure 18. Histogram of the canonical variable derived 
by discriminant analysis of sandstone framework modes, 
using statistical software program BMDP7M (Jennrich and 
Sampson, 1985). The canonical variable depends solely on 
variable Lc, detrital carbonate grains.
symbol ridge sample value
A 1 AM-86-02 1. 74
AM-86-06 -. 08
AM-86-08 -. 30
AM-86-14 . 67
AM-86-15 . 56
AM-86-18 . 99
AM-86-24 1. 42
AG-86-01 . 62
B 3 CP-86-05 -1. 48
CP-86-09 . 78
CP-86-13 . 46
C 4 DM-86-02 . 35
5 EM-86-02 -. 73
EM-86-07 1. 32
EM-86-09 1. 62
EM-86-13 . 67
EM-86-15 . 46
D 8 JM-86-01 -3. 31
9 HP-86-01 -2. 77
HP-86-04 -3. 09
HP-86-09 . 03
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are highly variable but not distinct (fig. 18). There is 
nearly as much variation in framework modes along a single 
ridge as there is between ridges. This may be a result of 
small sample size or stratigraphic complexities resulting 
from structural deformation.
The grouping of three of the sandstone samples in set 
D from ridges H and J is difficult to interpret 
geologically, and quite possibly has no meaning. The 
fourth sample from this group (HP-86-9) plots on the other 
side of the histogram, but was collected between the other 
Ridge 8 samples (fig. 7). No distinct stratigraphy was 
observed along the ridge, nor were any structures that 
might explain this relationship.
The second run of sample groups of sandstones, which 
was based on spatial relationship with the fault-bounded 
belt of Shackleton Limestone that crops out in the field 
area (fig. 2), suggested that there is no lithological 
difference between samples on the northwest side (ridges 4 
and 5, and sample HP-86-4 from ridge 9) and those on the 
southeast side (ridges 1, 3 and 8, and samples HP-86-1 and 
HP-86-9) of the faults. No parameters were chosen to 
successfully separate these outcrops. Thus, either the 
Douglas is lithologically homogeneous within the 
sensitivity of the technique, or stratigraphic displacement 
along the faults is small.
Discriminant analysis was unsuccessful at selecting a 
canonical variable to distinguish among the four
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stratigraphically determined sample sets, ridge 1, ridge 3, 
ridges 4 and 5, and ridges 8 and 9, again suggesting that 
the lithology of the formation does not vary significantly 
within the depositional basin.
DISTRIBUTION OF POTENTIAL SOURCE AREAS
Subsequent to deposition of the Douglas Conglomerate, 
major transform faulting and other tectonic disturbances as 
well as longterm erosion have removed most of the source 
rocks from the immediate area, and the present polar 
position of the continent has resulted in extensive ice 
cover of its craton. The lithologies of Douglas 
Conglomerate clasts are thus essential indicators of the 
pre-Douglas stratigraphy in the vicinity of its 
depositional basin, and perhaps indicate in part the 
composition of the craton. Although some clasts can be 
correlated with nearby sources, some types are most similar 
to rocks only exposed hundreds of kilometers away while yet 
others bear little or no resemblance to outcrops of rocks 
of the appropriate age. The presently exposed strata in 
the Transantarctic Mountains may serve as models for the 
lithologies that might once have been sources for the 
Douglas Conglomerate. Some rock types not presently 
exposed in the range, however, may have comprised terranes 
that lay to the east during deposition and were 
subsequently dismembered and transported far from the
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present exposures of Douglas. Regretfully the structural 
complexities In the Douglas preclude the use of 
paleocurrent Indicators in resolving transport direction 
and provenance location.
There are four main categories of clast and sand-sized 
grains in the Douglas conglomerate: carbonate, sedimentary
and metasedimentary, volcanic and plutonic. These imply 
four main source types. Carbonate clasts are most easily 
related to the nearby Shackleton Limestone. All of the 
major facies of the Shackleton that have been described 
(Rees, Pratt and Rowell, in press) are represented by 
clasts of the Douglas. These include archaeocyathid- 
bearing boundstone, fenestral mudstone and ubiquitous 
burrow-mottled packstone and wackestone. The source must 
have been proximal because limestone is easily destroyed 
during transport and yet the carbonate conglomerate clasts 
are larger and more angular than any other type in the 
Douglas. Limestone clasts are much more prevalent in the 
coarse fraction than in the fine, and locally pure 
carbonate breccias occur. These relationships suggest that 
the source for carbonate clasts was very proximal and that 
with minor transport the finer material was dissolved and 
consequently is poorly represented in the sand population.
The second pervasive clast type consists of a wide 
variety of sandstones, metamorphosed to different degrees. 
Several potential sources for these rocks exist along the 
Transantarctic Mountains. Many lithic rich arenites could
have been derived from the Goldie Formation and its 
equivalents that are part of the areally extensive upper 
Precambrian Beardmore Group. The Goldie crops out in the 
coastal ranges from the southern Churchill Mountains south 
to the Queen Maud Mountains (Stump, 1985); equivalent units 
occur in northern Victoria Land (Gunner, 1982) and in the 
Pensacola Mountains (Williams, 19S9; fig. 3). In the 
Holyoake Range, the Goldie consists of arkosic 
metagreywacke and argillite in subequal amounts, with rare 
interbeds of limestone, shale and quartzose sandstone. The 
greywackes are poorly sorted with angular grains of quartz, 
some feldspar and muscovite in a fine grained matrix of 
biotite, chlorite and sericite (Laird, 1971). All have 
been affected by low grade metamorphism. Near the 
Shackleton Glacier, the Goldie is reportly a distinctive 
green color; white and light gray meta-arenites also occur 
locally (Stump, 1985).
The Cambrian Liv Group in the Shackleton Glacier area 
(fig. 3) also includes fine-grained metaquartz arenite 
(Stump, 1982). These units are dark gray to brown and 
sometimes feldpathic. To the north, near the Skelton 
Glacier (fig. 3), the Precambrian or early Cambrian Skelton 
Group contains arkosic to quartzofeldspathic greywacke and 
argillite with rare limestone, quartz arenite and lithic 
arenite (Grindley and Warren, 1964; Skinner, 1982). Near 
Terra Nova Bay (fig. 3) the Precambrian Priestley Formation 
contains some metagreywacke (Skinner, 1983). In northern
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Victoria Land, extensive outcrops of gray to green 
quartzose metagreyvackes of the Robertson Bay Group are 
exposed.
Clean, well-crystallized meta-arenites are exposed in 
only a few places in the Transantarctic Mountains. Thin 
beds of metamorphosed quartz-rich sandstone and interbedded 
sandstone and dolomite comprise the basal beds of the 
Shackleton Limestone and are exposed on the Cotton Plateau 
(Laird, Mansergh and Chapell, 1971; fig. 2). This unit is 
not well exposed, and its original thickness and areal 
extent are unknown.
More extensive outcrops of clean sandstone occurs in 
northern Victoria Land (Laird, Bradshaw and Wodzicki, 1982; 
fig. 3) where the Cambrian Sledgers Group contains quartz- 
rich well-sorted sandstones in association with 
volcaniclastics and muddy sandstones. Quartz arenites of 
the Leap Year Group crop out in that area also. The age of 
this group is uncertain and may be as young as Ordovician.
While large clasts of micaceous and aphanitic 
metasedimentary rocks are very rare in the Douglas 
Conglomerate, these rock types are well represented in the 
sand-sized population. The Goldie Formation is a nearby 
source for meta-argillites, as is the metamorphosed 
sequence of the Nimrod Group. Although much of the thermal 
metamorphism in the central Transantarctic Mountains 
occurred during emplacement of the Ross-related plutons, 
the Nimrod Group contains a pre-Ross intrusive that
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produced contact metamorphism of the sedimentary host 
rocks. Older rocks of the Precambrian shield are another 
possible source; geophysical data suggest that crystalline 
rocks form the craton beneath the Polar Plateau. However, 
the only known outcrops of these occur around the opposite 
side of Antarctica and contain high grade metamorphic and 
mafic igneous rocks (c.f. James and Tingey, 1983).
Volcanic clasts of the Douglas Conglomerate are 
similar to volcanic units of the Taylor Formation that crop 
out in the Shackleton Glacier area (fig. 3). The volcanics 
there are bimodal but primarily silicic, and include 
microcrystalline felsite with quartz, plagioclase and 
orthoclase phenocrysts and crystalline lava with 
plagioclase phenocrysts (Stump, 1985). The similarity of 
the plagioclase composition <An26-34), as well as the 
presence of associated chert, suggest that related 
volcanics may have occurred nearer the basin of the 
Douglas.
Two other Douglas clast types, silicified carbonate 
and chert, also suggest the Taylor Formation or similar 
formation as a source because it also contains chert beds, 
silicified oolites and many other unsilicified carbonate 
facies (Stump, 1985). Chert is not known in the Shackleton 
Limestone nor the Goldie Formation, but are certainly 
hearty enough to travel far from their sources. Silicified 
carbonates reportedly equivalent to the Shackleton, 
however, have been mapped along Zeller Glacier.
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It is difficult to suggest a known plutonic complex as 
a source for the granite clasts of the Douglas 
Conglomerate. Host of the batholiths of the Transantarctic 
Mountains were emplaced during the Ross Orogeny, and 
preliminary U/Pb age dates <G. H. Girty, 1988, personal 
communication) from detrital zircons recovered from 
sandstones in the Douglas indicate only Precambrian 
crystalization ages. Therefore, Ross Granites were not 
unroofed prior to deposition of the conglomerate. The only 
known outcrops in the Transantarctic Mountains of a 
Precambrian intrusive, a diorite orthogneiss, is exposed in 
the Miller Range. The Nimrod Group may have been a source 
for the Douglas, but the lack of high grade metamorphic 
clasts is not compatible with this source. It is most 
likely, as is suggested by zircon ages, that the granitic 
and orthogneiss clasts in the Douglas were derived from 
deeply eroded complexes of the craton, or possibly from 
older terranes to the east of the basin.
TECTONIC SETTING
Depositional Basin
In order to determine the tectonic setting of the 
region in which the Douglas Conglomerate was deposited, it 
is essential to construct a model for the depositional 
basin. Framework modal analyses and clast compositions 
presented here suggest derivation from a recycled orogen
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provenance and deposition in a foreland setting. The basin 
may have been a foredeep, an extensional or wrench-faulted 
basin associated with a foreland fold and thrust belt, or a 
pull-apart basin along a transcurrent fault system 
(Dickinson and Suczek, 1979; Reading, 1960). Because the 
configuration and stratigraphy of the Douglas Conglomerate 
have been obscured, depositional system analysis has been 
only moderately useful in resolving the tectonic setting.
As originally proposed by Dickinson and Suczek (1979), 
recycled orogen provenances include subduction complexes, 
collision orogens and foreland uplifts. The Douglas 
Conglomerate framework modes most closely resemble those of 
sandstones from foreland basins, which may develop craton- 
ward of active thrust belts formed along subducting margins 
and collision belts (Dickinson, 1974). Sands derived from 
both foreland thrust and collision belts are often mixtures 
of material shed from the thrust front, which borders one 
side of the basin and is dominated by sedimentary rocks, 
and sediment transported from the craton, which lies on the 
other side. Less commonly, material from sources outboard 
of the thrust front reaches the basin along drainage 
systems that breach the highland (Hirst and Nichols, 1986), 
but volcanic detritus is rare.
Several types of basins form in foreland settings. 
Foredeeps form by downwarping of the crust in response to 
the overriding thrust sheet and may extend for great 
distances parallel to the thrust fronts. For example, the
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Taconic age Appalachian basin or basin system was over 2500 
km in length (Hiscott, Pickering and Beeden, 1986). 
Alternatively, this position may be occupied by a series of 
small extensional basins separated by horsts, such as the 
Cretaceous-Tertiary basins of the Laramide Orogeny of the 
western United States. The Tertiary basins of the Basin 
and Range Province formed under a more extensional regime 
and have similar depositional and compositional features 
where volcanism is absent. Small basins also form along 
tear faults that develop oblique to the thrust front in 
response to differential movement along the thrust 
(Harding, Vierbuchen and Christie-Blick, 1985), or that 
form along bends in the thrust (Anadon et al., 1985).
Pull-apart basins develop along major transform faults 
at double bends or en echelon zones in the fault traces 
(Crowell, 1974b). The largest basins form at releasing 
double bends, where transcurrent motion produces local 
extension. Transcurrent fault systems can form in almost 
any tectonic setting including cratonward of fold and 
thrust or collision belts. These systems can be hundreds 
of kilometers in length, marked by a series of individual 
basins, which may be occupied by braid plains (Hempton and 
Dunne, 1984), lakes or shallow seas (Crowell, 1974a). Many 
transforms have formed in response to collision along the 
Himalayas and extend all across southern Asia (Reading, 
1980). The Walker Lane of western Nevada also contains 
pull-apart basins, including the Walker Lake basin (Link,
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Roberts and Newton, 1985).
The age and stratigraphy of the lithofacies described 
In the Douglas may never be well enough understood to allow 
Interpretation of the dimensions and drainage patterns of 
Its depositional basin. Nonetheless, the available data 
(Rees and Rowell, in press) suggest that the sedimentary 
sequences observed in the Douglas Conglomerate are similar 
to those occurring in tectonically active basins.
Typically, coarse clastic wedges develop along the active 
margins and interfinger basinward with finer-grained 
sediments carried in from more distal sources that comprise 
the bulk of the basin fill (Crowell, 1974a; Lawton, 1986). 
Alluvial fans and fan deltas, marked by conglomeratic 
sheet-flood, fluvial and debris-flow deposits, develop 
along steep margins such as thrust fronts and transform 
faults (Crowell, 1974a; Hirst and Nichols, 1986). 
Fluviodeltaic systems are more typical of more gentle 
basin-margin slopes and of structural lows along the thrust 
front or fault margin (Crowell, 1974a, b). Evidence of the 
same depositional environments and transport mechanisms 
occur in the Douglas in the Holyoake Range (Rees and 
Rowell, in press) and are consistent with observed 
sedimentary structures in the northern Churchill Mountains.
The abundance, size and angularity of the limestone 
clasts in the Douglas Conglomerate indicate that exposures 
of the Shackleton Limestone were very near and probably 
formed the boundaries of the basin. Breccia units in the
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Churchill Mountains that are composed solely of limestone 
formed on proximal alluvial fans (Rees and Rowell, in 
press), probably adjacent to basin margins set against 
Shackleton. Some fans reached marine and lacustrine bodies 
of water in the basin.
Polymictic gravels were transported farther and 
deposited on lower-gradient slopes by drainages systems 
that must have cut through lows in the basin margins. It 
has been well documented that the majority of sediment that 
is deposited in most tectonic basins is transported through 
such drainages, whether transverse or parallel to the axis 
of the basin (Hirst and Nichols, 1986; DeCelles et al. , 
1987). Compatible with this mechanism of transport and 
deposition are the sedimentary structures in the polymictic 
Douglas conglomerates that show evidence of channelization 
and crossbedding characteristic of stream transport rather 
than abundant sediment gravity flow structures.
Furthermore, the variety of clasts in the conglomerates 
indicates the mixed provenance that is typical of foreland 
and pull-apart basinal deposition (Crowell, 1974a; Schwab, 
1986). Not only did material come from the faulted 
margins, but also from other sources. It is probable that 
a craton source was included as suggested by detrital 
zircon U/Pb data and the presence of well-rounded plutonic 
clasts. Quartzites are also well rounded, suggesting that 
they were either recycled or had a very long distance of 
transport. The well-rounded volcanic clasts may represent
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derivation from an island arc outboard of the thrust belt 
or erosion of late Precambrian basalts.
Thus, both the framework modes and sedimentary 
features of the Douglas Conglomerate are similar to those 
in basins along active transform and fold-and-thrust belt 
systems, and a more definite determination cannot be made 
at this time. However, the probability that the Douglas 
represents deposition associated with transform or thrust 
faults must be considered in any tectonic model proposed 
for the region.
Tectonic Models
Tectonic models for the Transantarctic sector of 
Gondwanaland are not well constrained in time or space. It
is my contention that the origin of the Douglas 
Conglomerate is not related to the Ross Orogeny; its
sediments represent a previous orogenic event; and only its
deformation may be, at least in part, attributed to the 
Ross.
Batholiths emplaced along the margin of the Greater 
Antarctic craton during the Cambro-Ordovician Ross Orogeny 
were produced in assocation with a subduction zone dipping 
beneath Gondwanaland (Elliot, 1975; Stump, 1976). The 
Precambrian continental margin was not coincident with this 
subducting margin: the boundary between the old craton
(Nimrod Group) and the late Precambrian geosyncline 
(Beardmore Group) exists between the Nimrod and Beardmore
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glaciers at some angle to the current trend of the 
Transantarctic Mountains (Gunner, 1982; Borg and DePaolo, 
1986). The trend of the Early Cambrian continental shelf, 
which was established following the Beardmore Orogeny, is 
unclear. The occurrence of minor facies changes in the 
Shackleton Limestone along the length of the Churchill 
Mountains (Burgess and Lammerink, 1979; Rees, Pratt and 
Rowell, in press) suggests the shelf was nearly parallel to 
the trend of the range.
A new tectonic regime must have disrupted this passive 
configuration and produced folding and uplift of the 
limestone and downwarping of one or more basins in a linear 
trend. It was in these basins that the Douglas was 
deposited.
One possible model is that the Douglas Conglomerate 
formed during the Ross Orogeny (Rees et al. , in press).
This widespread subduction-related event might easily be 
associated with foreland thrusting, but geometric 
considerations suggest that the Douglas was not deposited 
in the adjacent foredeep, as can be illustrated by 
comparison with the Cretaceous System of the western United 
States. During Cretaceous time, the Sevier thrust belt 
extended through eastern Idaho and central Utah to southern 
Nevada (Hamilton, 1978), while the magmatic arc was located 
to the west through eastern Washington and along the trend 
of the Sierra Nevada (Dickinson, 1976). Although north of 
the Sierra the intrusives are scattered and the Boulder
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Batholith actually intrudes the thrusting mass (Hamilton, 
1978), the foreland basin lay significantly east of and was 
virtually undisturbed by subduction-related intrusion. In 
Antarctica, however, Ross granites crop out immediately 
north, south and east of the Douglas along the central 
Transantarctic Mountains (Grindley and Laird, 1969). Thus, 
the Douglas was probably not deposited in a foreland basin 
associated with the emplacement of these plutons. If, 
alternatively, the Douglas basin were formed directly atop 
the intrusives during the Ross Orogeny, one would expect 
the unroofing of the complex to produce conglomerates rich 
in volcaniclastic material, which it is not.
What then might have occurred between the Early 
Cambrian and the beginning of the Ordovician? One possible 
answer is the initiation of a major transform boundary 
along a suture zone or zones subparallel to the 
Transantarctic Mountains. Early Paleozoic transform 
faulting has been postulated to aid in reconstructions of 
eastern Australia, Tasmania and northern Victoria Land of 
Antarctica (Baillie, 1985; Bradshaw, Weaver and Laird,
1985). This dextral strike-slip faulting may have been a 
result of oblique subduction during Middle Cambrian time 
(Bradshaw, Weaver and Laird, 1985). In northern Victoria 
Land, this translational movement, which caused the 
amalgamation of several exotic terranes, preceded intrusion 
of Cambro-Ordovician granitoids in that area.
Supposing that transform faulting did extend into the
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Churchill Mountains area, two scenarios are possible. The 
first is that the depositional basin of the Douglas may 
have been a pull-apart basin developed along a fault within 
the transform system. It may have formed early or late in 
the life of the system, and some of the source terranes may 
have been transported southward subsequently. The second 
scenario is that the basin could have been a pre-existing 
foredeep, created along a subducting margin prior its 
evolution to a transform margin. Subsequent translation 
truncated the continent margin, transporting source 
terranes southward and allowing subduction to occur closer 
to the craton than would have been possible otherwise.
This would allow abundant Ross intrusives to be emplaced 
into foreland basin sediments.
CONCLUSIONS
Petrographic data from sandstones and conglomerates of 
the Douglas Conglomerate indicate multiple source areas. 
These sources include the Lower Cambrian Shackleton 
Limestone, and the Precambrian Goldie Formation, which 
presently are exposed nearby, but also include a volcanic 
source with associated chert and silicified carbonate; a 
plutonic source that may have been the craton; and possibly 
other metsedimentary terranes. These latter provenances, 
which are not evident in the central Transantarctic 
Mountains, may have been exposed on the craton to the west
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or on exotic terranes to the east that subsequently were 
translated along major strike-slip faults.
Compositions of sandstone samples from several 
outcrops in the northern Churchill Mountains are fairly 
constant, suggesting that all outcrops represent the same 
depositional system and not several geographically 
dispersed basins juxtaposed by more recent deformation.
Only the percentage of limestone clasts is a useful 
parameter for discriminating among the outcrops. This may 
be due to episodic tectonism controlling erosion of the 
proximal limestone source in contrast to a constant 
background supply of sediments from more distal sources. 
Breccias on the steep slopes of the basin are composed 
entirely of limestone, while those on gentler or breached 
margins are of mixed provenance with varying amounts of 
limestone clasts.
Framework modal analyses indicate that the Douglas 
Conglomerate was derived from a recycled orogen, and 
lithologies of the clasts and lithic grains together with 
sedimentary features suggest that it was deposited in a 
pull-apart or foreland basin. Because the Douglas occurs 
within the linear belt of Ross batholiths, it was probably 
not deposited in a foreland basin associated with the Ross 
Orogeny. Nonetheless, it may have been deposited in a 
foreland basin during an earlier compressional event. Some 
regional evidence suggests that transform faulting was 
active during Middle Cambrian time in northern Victoria
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Land (Bradshaw, Weaver and Laird, 1985); this tectonic 
mechanism also may have been active in the central 
Transantarctic Mountains and produced one or more pull- 
apart basins in which the Douglas was deposited. Yet 
whether the Douglas accumulated in such a pull-apart during 
transform faulting of the continental margin or in a 
foreland basin prior to translation remains to be 
determined as new evidence emerges for the tectonic history 
of the central Transantarctic Mountains.
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